Objective: Preventable and potentially preventable traumatic death rates is a method to evaluate the preventability of the traumatic deaths in emergency medical department. To evaluate the preventability of the traumatic deaths in patients who were admitted to neurosurgery department, we performed this study. Methods: A retrospective review identified 52 patients who admitted to neurosurgery department with severe traumatic brain injuries between 2013 and 2014. Based on radiologic and clinical state at emergency room, each preventability of death was estimated by professional panel discussion. And the final death rates were calculated. Results: The preventable and potentially preventable traumatic death rates was 19.2% in this study. This result is lower than that of the research of 2012, Korean preventable and potentially preventable traumatic death rates. The rate of preventable and potentially preventable traumatic death of operation group is lower than that of conservative treatment group. Also, we confirmed that direct transfer and the time to operation are important to reduce the preventability. Conclusion: We report the preventable and potentially preventable traumatic death rates of our institute for evaluation of preventability in severe traumatic brain injuries during the last 2 years. For decrease of preventable death, we suggest that continuous survey of the death rate of traumatic brain injury patients is required. 
Introduction
In the severe trauma patients, the process of initial treatment, transfer and evaluations are very important for the prognosis of patients, including death. The concept of "preventable and potentially preventable traumatic death rates" is a way to evaluate that process. 10) The approach by the rate of preventable and potentially preventable traumatic death mathematically determines whether a death of a patient was preventable in comparison with the ideal case where traumatic patients are transferred to hospitals within a proper time limit and receive optimal treatment. This allows the treatment of a trauma patient to be evaluated, pointing out problems. 7) The preventable death rate were researched three times in South Korea. According to the research of Kim et al., 7) in 2009 and 2010, 45.7% of all deaths of severe traumatic patients in South Korea were caused by traumatic brain injury (TBI). This indicates that departments of neurosurgery treat a larger proportion of trauma patients than any other department, and therefore evaluation of their treatment adequacy is important. This study examined the preventable and potentially preventable traumatic death rates of patients who had died from severe TBI between 2013 and 2014 in our institute. Authors discussed how to reduce the traumatic death rates.
Materials and Methods
The subjects of this study were 52 patients who had died in 2013 and 2014 after being hospitalized for neurosurgery treatment via emergency room due to severe traumatic injuries in our institution. The exclusion criteria of patients was as follows: 1) no sufficient hospital information and inability to decide the preventability of death, 2) no diagnostic tests before death of discharge, or 3) death during transport from other hospital after diagnosis of brain injuries.
Most studies on preventable death rate are based on clinical and radiological imaging findings, and the final decision of the preventable and potentially preventable traumatic death is mainly by professional panel consensus discussion. 2, 4) Similar to previous studied, professional panel consensus discussions were performed for evaluation of the preventability. In this study, two neurosurgeons and one thoracic surgeon were designated to evaluate the severity of injury, the state of patients upon arrival at the emergency room, and the appropriateness of treatment. We also examined the probability of survival (Ps) of trauma score and the injury severity score (TRISS), which evaluates the subjects' sex, age, the incident mechanism, whether death was caused by head trauma, and the severity of injury.
1) The Ps of TRISS was calculated by using the Abbreviated Injury Scale (AIS) and Revised Trauma Score (RTS). Based on the severity of the injury and the state of the patient, when the AIS score was 6, or at least two of the following conditions were applicable, the death was judged as non-preventable death first, when the AIS score at diagnosis was 5, and the Ps was less than 50%; second, upon admission to the hospital, the patient's RTS was less than 6, and their Ps was less than 50%; and third, the patient had a serious underlying disease (chronic renal failure, liver cirrhosis, etc.), or the patients' cause of death was acute myocardial infarction or pulmonary thromboembolism. In addition, patients who refuse further treatment or signed the do not resuscitate (DNR) order were classified as non-preventable death. When the possibility of resuscitation was at least 75%, it was judged as a preventable death; when the possibility of resuscitation was 25% to 75%, it was judged to be a potentially preventable death; when the possibility of resuscitation was less than 25%, it was judged to be a non-preventable death. The final preventable and potentially preventable traumatic death rates was defined as percentage of all cases of potentially preventable death and preventable death. 9) Enrolled cases were classified into two categories according to stage of treatment process: overall preventability and hospital preventability. Overall preventability refers to the combination of preventable death at pre-hospitalization stage and the hospitalization stage. The preventable death and potentially preventable death at pre-hospitalization stage is judged based on initial treatment and transporting to suitable hospital within reasonable time. We evaluated the preventable death at pre-hospitalization stage to analyze relation of death rate, transference time and direct transporting to our hospital. We determined the preventable death and potentially preventable death at hospitalization stage by analyzing the survival possibility in the process of treatment at emergency room, operation room, intensive care unit and ward. Each stage problems were analyzed in accordance with the table of the previous studies.
7)
The problem is defined only in relation to the death directly.
We analyzed the preventable death rate whether performed surgery and transferred directly. Also, we compared this study with the research of 2012, Korean preventable and potentially preventable traumatic death rates. Statistical methods were noted in the following tables. All p-values of less than 0.05 were considered to indicate statistical significance. All statistical analyses were conducted with the use of statistical software package SPSS (Version 24.0; SPSS, Inc., Chicago, IL, USA).
Results
The average age of the patients was 63.2±19.75 years (range, 10-88 years). There were 40 males and 12 females. Among the subjects' incident mechanisms, slipping down accounted for 19 patients, traffic accidents for 14, falling for 13, and unknown for 6. The number of patients whose Ps of TRISS were less than 25% was 5, and 32 patients, between 25 and 75%, and 15 patients, above 75%. Among 52 patients, 26 underwent brain surgery, and 26 were treated conservatively (Table 1) .
Overall preventable death rate was 19.2% (10 patients of enrolled 52). Most of these patients were cases of potentially preventable death (9 patients, 17.3%). The preventability of operation group was 11.5% and that of conservative group was 26.9%. The average time from the accident to arrival of hospital was 5 hours and 51 minutes. For the overall 52 patients, the average time from the accident to death was 288 hours. In patients who had surgery, it was 306 hours and that of conservative group was 269 hours ( Table 2) . Only the average time from the accident to arrival of hospital between the two groups showed significant differences. The following studies would be needed because the above analysis did not consider the characteristics and other variables between the two groups. Patients who determined preventable death and potentially preventable death with signing the DNR order were 14. They were classified to non-preventable death (Table 3) .
For all 52 patients, the average time taken from the accident to the arrival at the hospital was 5 hours and 51 minutes. In the case of patients who were directly transferred to the hospital, it was 1 hour and 12 minutes. For patients who arrived at the hospital after passing through another hospital, it was 13 hours and 8 minutes. Among the 26 patients who had surgery, the average time from the accident to the beginning of surgery was 5 hours and 44 minutes. Among the patients who had operations, when the patients were directly transferred to the our hospital, the average time from the accident to the beginning of the operation was 4 hours and 52 minutes. In the case of patients passing through other hospitals, it was 7 hours and 20 minutes. The directly transferred patients had less time elapse before surgery (Table 4). Like the results of the operation whether, only the average time from the accident to arrival of hospital between the two groups showed significant differences.
Among 52 patients, 130 problems were detected by panel discussions. It was classified structural problems (28 cases of total 130) that were not currently solved. Except structural problems, problems of process were compared with the research of 2012, Korean preventable and potentially preventable traumatic death rates. Unlike the research, problems of process was mostly investigation and dispatch problems ( Table 5 ).
Discussion
The preventable and potentially preventable traumatic death rates is a concept that has been used in the United States and the United Kingdom to evaluate treatments for injured patients since the 1960s. 3, 5, 8, 14) South Korea performed the evaluation three times in total from 1997 to 2009, and the whole preventable death rate has been gradually decreasing and is currently comparable to that of advanced countries. In this study, overall preventable death rate of the patients who were admitted to neurosurgery department was 19.2%. The rate of preventable and potentially preventable traumatic death was lower than that of the research of 2012, Korean preventable and potentially preventable traumatic death rates of 35.2%. 7) However, the preventable death rates of TBI patients were not identified in the research of 2012, Korean preventable and potentially preventable traumatic death rates. Therefore, it cannot be directly compared with the results of this study and that of previous study. We might estimated that the preventable death rates of this study is lower than that of TBI patient of previous study as follows. In our department from 2013, it was established a trauma team and system for severe TBI. Though this process could not be compared quantitatively to previous studies, the rate of preventable and potentially preventable traumatic death might be reduced because of decrease of time to transference, blood transfusions, initial treatment and consultation in emergency room, etc. The number of patients who performed surgery is equal to that of conservative therapy group. However, the operation group's preventability was 11.5% and that of the patients with conservative therapy was 26.9%. It shows that the rate of the group without surgery was higher. Although other variants were not controlled and further study is needed, this result might suggest that expanded treatment and operations can further decrease the death rate.
Patients who determined preventable death or potentially preventable death with signing the DNR order were 14. This result suggests that expanded treatment and operations can further decrease the death rate. We propose that active recommendations for surgery in accordance with the patient's state might prevent death, during the interview with family of patients.
The quick process to operation is necessary to a severe TBI patient who needs operation. In this study, the directly transferred patients took a shorter time to arrive at the hospital, and the time to surgery was also shorter. Therefore, we suggest that fast transfer to the hospital is needed. It is possible to decrease wasted time by connecting certain regions into one area for transference 12) and appropriate transference of patients to hospitals. We can expect better results if guidelines and education are given for regional emergency medical technicians, patient transportation, treatment, and triage in the pre-hospital stage. 6, 11) Coordination among operation room personnels is necessary to minimize time to incision after the accident and transfer to the emergency center. In the analysis of problems of the hospital stage in our study, diagnosis and dispatch to other place within hospital were more than half. Specifically, lack of immediately available diagnostic equipment was the most. If diagnostic equipment and paramedics are supplemented, the problems might be reduced.
This study has limitations. First, autopsy findings were not included in the data. It is possible to evaluate the death of reason by final autopsy findings, however this study employed clinical findings instead. According to Stothert et al., 13) when clinical data and autopsy data are compared, there is 30% dissonance. This difference affects 5% of preventable death judgments. For more precise results, research including autopsy findings is essential. Second, this study excluded patients who had cardiac arrest when transferred to the hospital, as well as during treatment, because their death causes were not clear. In this regard, there may be selection bias. Third, this study examined a small number of patients and single center study. Fourth, to judge the probability of death, it was carried out by panel consensus discussion. It is thought that this matter be improved by trying quantitative analysis such as TRISS, International Classification of Diseases (ICD)-based injury severity score.
Conclusion
In this study, authors report the preventable and potentially preventable traumatic death rates about severe TBI during for 2 years. Although various limitations are described as above, this study is significant because there are not many studies about preventable death rate on severe TBI. We identify that the rate of preventable and potentially preventable traumatic death of severe TBI is lower in comparison with all patients. Also, quick processing in transfer and operation might be supposed to lower the preventable death rate. For decrease of preventable death rate, a follow up research in neurosurgery department is needed. ■ The authors have no financial conflicts of interest.
